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MUSICAL INSTRUMENT STRING

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of U.S. patent applica-

tion Ser. No. 11/465,917, filed on Aug. 21, 2006, now U.S.
Pat. No. 7,589,266, which 1s incorporated by reference herein
1n toto.

FIELD OF INVENTION

The present mnvention relates to a string for a musical
instrument comprising amorphous metal and, more particu-
larly, to a string for a musical mstrument having a longer
lifetime and a greater sustain of vibration and higher volume
of sound for a given mnitiated amplitude over a longer period

[

Ol USC.

BACKGROUND OF THE INVENTION

The maternial science of musical nstrument strings has
developed significantly over the past century and today
strings are made from a variety of materials 1n order to suit a
diverse spectrum of consumer preferences regarding tone
quality and playability. Acoustic guitars, violins, violas, cel-
los and acoustic basses are traditionally strung with matenals
having relatively low elasticity, such as natural gut, nylon and
other synthetic resins, which are used to achieve certain
desired sound qualities and playability. Although gut strings
have long been used on musical instruments and favored by
many, they often exhibit non-uniform qualities, experience
fluctuations 1n tensile strength due to adsorption of moisture
and tend to deteriorate rapidly when exposed to changes 1n
temperature and humidity. Nylon has gained wide acceptance
as a substitute for gut strings and has the advantage of being
manufactured with consistency and considerably more dura-
bility. Similar to gut strings, however, nylon 1s also sensitive
to changes 1n humidity and sufiers a significant loss of tension
over time. Still other synthetic materials have been suggested
for use 1n musical instruments. For example, U.S. Pat. Nos.

4,339,499 and 4,382,338 to Tappe et al. and U.S. Pat. Nos.
4,833,027 and 5,427,008 to Ueba et al. disclose the use of a
polyvinylidene fluoride matenal, U.S. Pat. No. 4,854,213 to
Infeld teaches a musical instrument string comprised of aro-
matic polyamides, U.S. Pat. No. 5,587,541 to Mclntosh et al.
claims the use of thermoplastic aromatic polyetherketone and
Japanese Patent 61114297 describes music strings made of
drawn polyacetal. Other musical instruments, such as pianos,
clectric guitars and electric basses, typically employ strings
constructed of less compliant materials having relatively high
clasticity, such as carbon steel wire, stainless steel wire or
phosphor bronze wire.

One of the most sought after features among musicians
today 1s a musical instrument string that sustains its vibration
and exhibits a higher volume of sound over a longer period of
use. These characteristics depend largely upon the internal
damping properties of the material used. A string with sig-
nificantly low internal damping allows a majority of the wave
motion created by the string vibration to be transferred to the
body of the musical instrument without being absorbed by the
string. This quality 1s particularly favorable in acoustic instru-
ments, providing improved resonance within the body of the
instrument. In other words, a low degree of material damping
in a musical instrument string prevents the vibrations of the
string from decaying too quickly and creating a “flat” or
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“dull” sound. In other words, reductions 1n internal damping
leads to more sustained harmonics and therefore a brighter
and more lively string sound.

Gut, nylon and synthetic resin materials typically exhibit
high degrees of damping, due largely to the visco-elastic
behavior of these materials. Some attempts have been made to
reduce the internal damping of nylon strings by various treat-
ments. For example, U.S. Pat. No. 3,842,705 describes the
use of wrradiation by high intensity 1omizing radiation to
improve the playing quality of nylon strings and U.S. Pat. No.
4,015,133 describes the use of radiation to improve the elas-
ticity and reduce the damping i polyamide strings. These
treatments, however, require the use of radioactive sources or
high intensity electron beams and are expensive and techni-
cally difficult to carry out.

Metal strings, on the other hand, have much lower visco-
clasticity and possess much better damping characteristics.
Nonetheless, conventional metal strings are limited 1n their
ability to achieve sustained vibration and higher volumes of
sound due to the crystalline structure and 1ts inherent 1mper-
tections, which absorbs mechanical energy. In addition, the
bright tone and sustain of metal strings 1s typically short-lived
once the strings have been installed on the instrument. That 1s,
alter being tuned to a desired pitch and played, the tone or
sound produced by the string gradually diminishes 1n bril-
liance until reaching a flat or “dead” quality. This 1s particular
prevalent 1n wound metal strings, where debris and corrosion
quickly build up between the windings.

Accordingly, it 1s an object of the mvention to provide a
musical instrument string having improved sustain of vibra-
tion as a result of decreased internal damping. Another object
of the invention relates to a metal string having an improved
lifespan and a reduced adsorption of energy that results 1n a
longer and higher volume of sound for a given amplitude of
perturbation by a bow 1n a string instrument or a hammer 1n a
piano-like mstrument.

SUMMARY OF THE INVENTION

The mvention provides a musical instrument string which
sustains a vibration and produces a higher volume of sound
than conventional strings. Generally, the string of the inven-
tion contains an amorphous metal or an amorphous metal
alloy. The music imnstrument string may be used on a variety of
musical instruments and 1s characterized by low internal
damping, high tensile strength and low elasticity, providing a
greater sustain of vibration and longer, higher volume of
sound over the life of the string.

A still further aspect of the mvention relates to a musical
instrument string having a greater sustain of vibration than a
string of 1dentical dimension comprising a crystalline struc-
ture as measured by the ratio of the decay time of the fifth
harmonic to the decay time of the fundamental frequency. The
ratio of the decay time of the fifth harmonic to the decay time
of the fundamental frequency may be greater than 0.53. In
addition, the string of the invention may also exhibit a second
harmonic amplitude that 1s greater than the amplitude of the
fundamental frequency of the string.

The present invention also comprises a musical instrument
having one or more strings of the invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention 1s directed to an improved string for
a musical instrument having at least one amorphous metal or
alloy thereotf. As used herein, the term “amorphous metal”
means a metallic material having a non-crystalline structure
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and highly disordered atomic arrangement and includes
amorphous metallic alloy compositions consisting of more
than one material as well as an amorphous metallic material
ol a single metal. Amorphous metals are commonly referred
to as glassy alloys, non-crystalline-alloys or metallic glasses
and are made using a variety ol techniques, all of which
involve rapid solidification of the metal constituents from a
gas or liquid phase. The solidification occurs so rapidly that
atoms become frozen in their liquid configuration and, thus,
lack long-range atomic order characteristic ol conventional
crystalline metals.

In accordance with the present invention, the use of an
amorphous metal in a musical istrument string offers sur-
prising and unexpected advantages over those conventional
metals, metallic composites and non-metallic compositions
traditionally used 1n musical instrument strings. Amorphous
metal possesses high tensile strength—up to tenfold higher
than that of conventional musical mstrument string metals
such as carbon steel or stainless steel and has a tenfold wider
clastic range. In addition, the lack of imperfections inherent
in crystalline materials provides for improved damping char-
acteristics over a longer period of use. More specifically,
conventional metals are characterized by a highly-ordered
arrangement of atoms, commonly termed a “crystalline” or
“crystalline lattice™ structure.

In a conventional musical mstrument string, the vibratory
energy ol a conventional metal string 1s absorbed and dissi-
pated by the movement of the dislocations and grain bound-
aries present 1n the crystalline structure. The movement and
subsequent growth of dislocations within a conventional
metal string as the string 1s repeatedly set into motion impedes
the movement of the crystals within the crystalline structure
and, consequently, inhibits the ability of the string to sustain
a vibratory motion. Furthermore, the interaction between the
grain boundaries of adjacent crystals within a conventional
metal string causes internal friction and effectively converts
vibratory energy into heat, decreasing the amplitude and
overall resonance of the string. At bottom, the crystalline
structure of a conventional metal absorbs mechanical energy,
whether it be from a pluck, strum or bow, and dampens both
the sustain and overall volume produced by a vibrating string.

A musical nstrument string having amorphous metal
exhibits 1mproved damping characteristics and increased
mechanical energy attributable to the lack of atomic align-
ment within the amorphous structure. Absent from an amor-
phous metal are those imperfections inherently present in the
crystalline lattice structure of a conventional metal that create
friction and lead to the absorption, rather than transier, of
energy. In turn, the vibrational motion of the string maintains
a higher level of energy for a longer period of use. As a resullt,
the pitch produced by a musical instrument string containing,
amorphous metal 1s brighter, louder and more sustained than
those musical instrument strings made of conventional mate-
rials.

In accordance with the invention, the musical instrument
string may contain a solid wire of amorphous metal or a
stranded wire comprised of multiple filaments bundled,
twisted, rolled, braided or otherwise joined together. The
stranded wire may consist entirely of amorphous metal fila-
ments (either identical or different) or include a combination
of amorphous metal filaments and one or more other materi-
als suitable for achieving the objectives of the invention. The
musical instrument string of the mmvention may be either a
single string or a wound string. A single string may be a solid
wire or a stranded wire. A wound string may consist of a core
wire and a covering wire, the covering wire being wrapped
around the core wire to provide a musical instrument string
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with a larger diameter but retained flexibility. The core wire
and covering wire may be solid or stranded and made of
amorphous metal alone or 1n combination with other suitable
matenals, including without limitation, gut, synthetic mate-
rial, aluminum, nickel and steel.

One embodiment of the invention provides a string for a
musical instrument containing amorphous metal, wherein the
amorphous metal may specifically contain one or more of the
following metals: 1ron (Fe), mickel (N1), titantum (11), alumi-
num (Al), chromium (Cr), cobalt (Co), zirconium (Zr), cop-
per (Cu), beryllium (Be), hatnium (HT), molybdenum (Mo) or
manganese (Mn). More generally, the amorphous metal may
contain (Fe).

In another embodiment of the invention, the string may
contain an amorphous metal alloy. The amorphous metal
alloy composition may include one or more of the following
metalloids: silicon (S1), boron (B), germanium (Ge) or tellu-
rium (Ie), one or more non-metals or one or more rare earth
metals.

In one embodiment, the musical instrument string contains
an amorphous metal alloy the following: 1ron (Fe), chromium
(Cr), manganese (Mn), molybdenum (Mo), carbon (C) and
boron (B). In a related aspect, the string may include yttrium
(Y) and/or may have the following atomic percentages: iron
(Fe) (=40%), chromium (Cr) (<25%), manganese (Mn)
(15%-25%), molybdenum (Mo) (<25%), carbon (C) (10%-
25%), boron (B) (10%-25%) and yttrium (Y) (=4%).

Another embodiment of the musical instrument string has
an amorphous metal alloy of one or more of the following
metals: 1ron (Fe), nickel (N1), titanium (11), aluminum (Al),
chromium (Cr), cobalt (Co), zircontum (Zr), copper (Cu),
beryllium (Be), hatnium (HT), molybdenum (Mo) or manga-
nese (Mn).

The musical mstrument string of the invention may be
placed on a variety of musical mstruments that require
strings, mncluding but not limited to, violins, guitars, pi1anos,
basses, cellos and violas. On instruments with fretboards,
such as violins, guitars, basses, cellos and violas, one end of
the string contains a conventional securing feature comprised
ol a metal eyelet or ball or simply the matenal 1tself tied 1n a
knot. The securing feature 1s slipped into a slot in the tail-
piece, fixing the end of the string to the musical instrument.
The other end of the string 1s fed through the nut on the
headstock of the mstrument and subsequently wound onto a
tuning pin also located on the headstock. The strings are
placed under tension by turning the tuning pin. Certain instru-
ments, such as a violin, acoustic bass, cello and viola, also
have a bridge, the location and height of which determine the
distance of the strings from the fretboard. The bridge supports
the strings and keeps them from contacting the fretboard
when the strings are tensioned. In a piano, each string 1s fixed
or grounded at one end by a hitch pin located on the bowed
portion of the piano harp and, at the other end, by an adjust-
able tuning pin frictionally and rotatably retained 1n a tuning
block. The strings are placed under tension by turning and
adjusting the tuning pin.

The core wire and covering wire may have a wide range of
diameters that achieve the objectives of the invention. The
string of the present invention may preferably have a diameter
between about 0.005 inches and about 0.350 inches. Further,
the string may be tensioned from about 0.500 pounds to about
450 pounds. For use on a violin, the musical instrument string
may have diameters between about 0.009 inches and about
0.036 inches and be tensioned from about 7.81 Ibs. to about
19 Ibs. For use on an electric guitar, the musical instrument
string may have a diameter between about 0.008 inches and
about 0.084 inches and be tensioned from about 9.1 1bs. to
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about 39.0 lbs. For use on an acoustic guitar, the musical
instrument string may have a diameter between about 0.009
and about 0.056 and be tensioned from about 12.9 Ibs. to
about 34.8 1bs. For use on an electric bass, the musical instru-
ment string may have a diameter between about 0.018 inches
and about 0.135 1inches and be tensioned from about 30 lbs. to
about 67 lbs. For use on an acoustic bass, the musical instru-
ment string may have a diameter between about 0.046 inches
and about 0.149 inches and be tensioned and from about 39
Ibs. to about 75 1bs. If the musical instrument string 1s used on
a piano, the strings may have diameters as large as 0.350
inches and be tensioned up to at least 450 Ibs. It will be
appreciated, however, that the musical instrument string may
have any diameter or be strung to any tension on any instru-
ment so long as the objectives of the ivention, as set forth
herein, are achieved.

Several methods exists to demonstrate superiority of the
strings of the present invention as compared to conventional
strings. For example, the strings of the present invention have
a modulus of elasticity greater than strings made of gut or
nylon so as to avoid damping properties characteristic of
highly visco-elastic materials. In addition, strings of the
present invention have a lower modulus of elasticity than that
found 1n conventional metal strings, and the strings of the
invention have a greater sustain of vibration and a higher
volume of sound. The following table shows Young’s modu-
lus of elasticity and the material density for a variety of
maternals conventionally used 1n musical istrument strings:

Material Modulus of Elasticity (GPa) Material Density (kg/m?)
Steel ~200 7,800
Gut 5-6 1,300
Nylon 2-4 1,200
Aluminum 69 2,700
Nitinol 83 (austenite) ~6,400
28-41 (martensite)
Nickel 214 8,900
[ron 196 6,980
Copper 124 8,900

Improved reduction of damping may be achieved by select-
ing an amorphous metal alloy having the combination of a
modulus of elasticity between 60 GPa and 150 GPa and a
material density between 2,700 kg/m> and 7,000 kg/m>. For
example, a musical string containing an amorphous metal
having a modulus of elasticity less than 1350 GPa 1s encom-
passed by the instant invention. Similarly, a string containing,
an amorphous metal having a material density between about
2,000kg/m” and about 8,000 kg/m" also falls within the scope
of the invention. In like fashion, the amorphous metal may
have a material density between about 2,000 kg/m? and about
8,000 kg/m” and/or a modulus of elasticity less than 75 GPa or
less than 150 GPa. The musical instrument string may have
any modulus of elasticity and/or material density so long as
the string functions 1n accordance with the objectives of the
invention.

One known method for determining whether the material
properties of the amorphous metal containing string produce
improved reduction of damping is to compare the decay time
of the fifth harmonic to the decay time of the fundamental
frequency. This ratio may also be compared to a similar ratio
obtained from a crystalline metal musical instrument string of
identical composition and dimension. Preferably, the ratio of
the amorphous metal string 1s greater than that of the conven-
tional metal string of 1dentical composition and dimension. A
method for obtaiming such data 1s described 1n U.S. Pat. No.
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5,587,541 to Mclntosh et al., which 1s incorporated herein by
reference. More specifically, conventional metal strings
exhibit a ratio of decay time of the fifth harmonic to the decay
time of the fundamental frequency of approximately 0.45. In
one embodiment, the musical instrument strings have a ratio
greater than 0.55.

It 1s also known that the increased amplitude of the second
harmonic relative to the fundamental gives a brighter sound.
The present mvention contemplates that the ratio of the
amplitude of the second harmonic to the amplitude of the
fundamental frequency of the string 1s greater than the ratio of
the amplitude of the second harmonic to the amplitude of the
fundamental frequency of a conventional crystalline metal
string.

Thus, another embodiment relates to a musical instrument
string having a greater sustain of vibration than a string of
identical dimension comprising a crystalline structure as
measured by the ratio of the decay time of the fifth harmonic
to the decay time of the fundamental frequency. The ratio of
the decay time of the fifth harmonic to the decay time of the
fundamental frequency may be greater than 0.55. In addition,
the string of the invention may also exhibit a second harmonic
amplitude that 1s greater than the amplitude of the fundamen-
tal frequency of the string.

The strings according to the present invention can be
manufactured by a number of methods known 1n the art.
Amorphous metal wire filaments having circular cross-sec-
tions may be produced, for example, by methods described in
U.S. Pat. Nos. 4,781,771 and 4,735,864, which are incorpo-
rated herein by reference.

The invention employs, but 1s not limited to, the use of wire
filaments of Fe-based and Co-based amorphous metal alloys.
These particular alloys are known 1n the art to have excellent
wire-forming ability in comparison to other amorphous metal
alloys.

One method of obtaining amorphous metal wire filaments
of circular cross-section 1s to extrude, roll or draw the ribbon
produced by conventional rapid-quenching processes. See,
e.g., U.S. Pat. No. 3,865,513 (incorporated herein by refer-
ence). Alternatively, the circular cross-sections may be
obtained using the “in-rotating-water spinning method,” as
described 1in U.S. Pat. No. 4,523,626 (Fe-based amorphous
metal wire filaments with circular cross-section) or U.S. Pat.
No. 4,527,614, which are incorporated herein by reference.

In this method, a cooling liquid 1s introduced 1nto a rotary
drum and a cooling liquid film 1s formed on the 1nner wall of
the drum by centrifugal force. The molten alloy 1s mjected
into the cooling liquid film from a spinning nozzle to 1nitiate
quenching. To obtain a continuous wire having a high degree
of roundness and a little unevenness 1n wire diameter, 1t 1s
preferable to adjust the peripheral velocity of the rotary drum
to exceed the velocity of the stream of the molten metal
injected from the spinning nozzle by about 5% to about 30%
and to adjust the angle between the stream of the molten metal
being ijected from the spinming nozzle and the cooling liquid
f1lm formed on the inner wall of the drum to about 20° to about
70°. Alternatively, U.S. Pat. No. 5,000,251, which 1s incor-
porated herein by reference, discloses a method whereby the
jet of molten metal contacts a gaseous atmosphere before
contacting the cooling liquid.

Amorphous metal wire filaments of the present invention
can also be produced by a so-called “conveyor method,” as
described 1n U.S. Pat. No. 4,607,683, incorporated herein by
reference. In this method, a molten metal 1s 1mnjected from a
spinning nozzle and placed 1n contact with a cooling liquid
layer formed on a running, grooved conveyor belt to quench
the same.
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The methods for producing amorphous metal wire fila-
ments have improved in cold workability and the production
of such fine wires of amorphous metal having good fatigue
characteristics and high toughness 1s known 1n the art. For
example, U.S. Pat. No. 4,806,179 (incorporated herein by
reference) discloses an amorphous alloy having a specified
Fe—Co—Cr—S1—B composition which exhibits sufficient
toughness during working operations. These characteristics
are particularly advantageous and provide an amorphous
metal which can be bundled, twisted, rolled, braided or oth-
erwise joined together to produce a stranded wire. The amor-
phous metal wire of the invention exhibits good fatigue char-
acteristics and high toughness and may also be continuously
cold-drawn using conventional metal wire-drawing processes
without breaking. By using a number of dies, the wire can be
drawn until a desired wire diameter 1s achieved.

In addition to the above described methods of producing
amorphous metals and metal alloys, other methods are
equally useful and are known to the skilled artisan. Examples
include but are not limited to methods described in U.S. Pat.
Nos. 3,865,513, 5,288,344, 5,368,659, 5,618,359 and 5,735,
9775, and U.S. Patent App. Pub. No. 2005/0034792, which are
incorporated herein by reference. Methods of forming bulk
amorphous metal alloys having large cross-section diameters
include suction casting, melt spinning, planar blow casting
and conventional die casting and are also known 1n the art.

In one embodiment, the musical instrument string com-
prises bulk amorphous steel. The composition of the bulk
amorphous steel may include 1ron, chromium, manganese,
molybdenum, carbon and boron. One such composition 1s
available commercially under the trade name DARVA-Glass
1. The composition of bulk amorphous steel may also include
iron, chromium, manganese, molybdenum, carbon, boron
and a rare earth element, such as yttrium. The addition of
yttrium causes destabilization of the competing crystal struc-
ture and enables the alloy to remain 1n a “liquid-like” struc-
ture at very low temperatures and thus stay amorphous as it
solidifies. The yttrium 1s believed to also retard the growth of
iron carbide crystals, making the steel less likely to become
crystalline. One such composition 1s available commercially
under the trade name DARVA-Glass 101 and exhibits hard-
ness and strength more than double that of conventional steel
and 1s about one third of the weight of conventional steel.
Similar iron-based bulk amorphous metals having enhanced
glass-forming ability are disclosed 1n U.S. Patent App. Pub.
No. 2005/0034792, which 1s incorporated herein by refer-
ence.

The musical instrument string may also be a zirconium-
titanium-nickel-copper-beryllium alloy. In this embodiment,
the bulk-solidifying amorphous alloy has a glass-transition
temperature between about 350° C. and about 400° C. and a
fluid temperature between about 700° C. and about 800° C.
This embodiment may have an atomic percentage of about
41.2 percent zircontum, 13.8 percent titanium, 10 percent
nickel, 12.5 percent copper and 22.5 percent beryllium, and 1s
described 1n U.S. Pat. No. 5,288,344, which 1s incorporated
herein by reference.

The musical instrument string may also be composed of
from about 25% to about 85% total of zircontum (Zr) and
hatnium (HI), from about 5% to about 35% aluminum (Al)
and from about 5% to about 70% total of nickel (N1), copper
(Cu), 1iron (Fe), cobalt (Co) and manganese (Mn), plus 1nci-
dental impurities, the total of the percentages being 100
atomic percent. U.S. Patent App. Pub. No. 2006/0076089 also
discloses a similar zircontum-rich quinary alloy of zirconium
(Zr), aluminum (Al), titanium (11), copper (Cu) and nickel
(N1).
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It will be understood that the recitation of ranges contained
herein are as a matter of convenience only and the inventors
are 1n possession of every value intermediate within the
ranges. That 1s, every imntermediate value or sub-range within
a disclosed range should be understood to be inherently dis-
closed. Further, every combination of the amorphous metal
alloys disclosed herein are 1n the possession of the mventor
and are not separately listed as a matter of convenience only.

Certain modifications and improvements will occur to
those skilled i the art upon a reading of the foregoing
description. It should be understood that all such modifica-
tions and improvements have been deleted herein for the sake
of conciseness and readability but are properly within the
spirit and scope of the claimed nvention.

What 1s claimed 1s:

1. A string for a musical instrument having a fret board, the
string comprising an amorphous metal, wherein the amor-
phous metal contains one or more of the following metals:
iron (Fe), nickel (N1), titammum (1), aluminum (Al), chro-
mium (Cr), cobalt (Co), zircontum (Zr), copper (Cu), beryl-
lium (Be), hatnium (Hf), molybdenum (Mo), and manganese
(Mn), and wherein the string has a greater sustain of vibration
than a string of 1dentical dimension comprising a crystalline
structure as measured by the ratio of the decay time of the fifth
harmonic to the decay time of the fundamental frequency.

2. The string according to claim 1, wherein the amorphous
metal 1s an alloy comprising one or more metalloids selected
from the group consisting of silicon (S1), boron (B), germa-
nium (Ge) and tellurium (Te).

3. The string according to claim 1, wherein the amorphous
metal 1s an alloy comprising one or more non-metals.

4. The string according to claim 1, wherein the amorphous
metal 1s an alloy comprising one or more rare earth elements.

5. The string according to claim 1, wherein the string has a
diameter between about 0.005 inches and about 0.149 inches.

6. The string according to claim 1, wherein the string 1s
tensioned from about 0.500 pounds to about 735 pounds.

7. The string according to claim 1, wherein the string has a
material density between about 2,000 kg/m” and about 8,000
keg/m”>.

8. The string according to claim 1, wherein the amorphous
metal has a modulus of elasticity less than 75 GPa.

9. The string according to claim 1, wherein the amorphous
metal has a modulus of elasticity less than 150 GPa.

10. The string according to claim 1, wherein the amorphous
metal comprises iron (Fe).

11. The string according to claim 1, wherein the string
comprises a core wire and a covering wire wound around the
core wire, wherein the core wire, covering wire or both com-
prise amorphous metal.

12. The string according to claim 11, wherein the core wire
1s a gut material, synthetic resin or metal wire.

13. A string for a musical instrument, the string comprising
an amorphous metal, wherein said amorphous metal consists
essentially of one or two of the following metals: 1ron (Fe),
nickel (N1), titanium (T11), aluminum (Al), chromium (Cr),
cobalt (Co), zircomum (Zr), copper (Cu), beryllium (Be),
hatnium (Hf), molybdenum (Mo), and manganese (Mn), with
the proviso that the amorphous metal does not include silicon
(S1), boron (B) or carbon (C).

14. A string for a musical instrument, the string comprising
an amorphous metal, wherein said amorphous metal contains
one or more of the following metals: iron (Fe), nickel (N1),
titantum (11), chromium (Cr), cobalt (Co) zircontum (Zr),
copper (Cu), berylllum (Be), hatntum (Hf), molybdenum
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(Mo), and manganese (Mn), with the proviso that the amor-
phous metal does not include aluminum (Al), silicon (S1),
boron (B) or carbon (C).

15. A string for a musical instrument, the string comprising
an amorphous metal alloy, wherein said amorphous metal
alloy contains 1ron (Fe) and one or more of the metals from the
group consisting of: nickel (Ni1), titantum (I1), chromium
(Cr), cobalt (Co), zirconium (Zr), copper (Cu), beryllium
(Be), hatmmum (Hf), molybdenum (Mo), and manganese
(Mn), with the proviso that the amorphous metal alloy does
not include aluminum (Al), silicon (S1), boron (B) or carbon

(O).

10

10

16. A string for a musical instrument, the string comprising
an amorphous metal alloy, wherein said amorphous metal
alloy contains cobalt (Co) and one or more of the metals from
the group consisting of: 1ron (Fe), nickel (N1), titanium (11),
chromium (Cr), zircomum (Zr), copper (Cu), beryllium (Be),
hatnium (Hf), molybdenum (Mo), and manganese (Mn), with
the proviso that the amorphous metal alloy does not include
aluminum (Al), silicon (S1), boron (B) or carbon (C).
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